INTRODUCTION
============

Sleep disruption is common in patients hospitalized in the ICU.^[@B1]^ Polysomnography studies in ventilated and nonventilated patients show that sleep is characterized by severe fragmentation, frequent awakenings, increased light sleep, and decreased rapid eye movement sleep, with approximately half of total sleep time occurring during daytime.^[@B2]^ Sleep deprivation in the intensive has been linked to delirium, neurocognitive dysfunction, prolonged mechanical ventilation, impaired immune function, impaired wound healing, and delayed recovery from critical illness.^[@B1],[@B3],[@B4]^ Sleep deprivation is a source of anxiety during hospitalization in the ICU.^[@B5]^ Intensive care unit-related factors that influence sleep quality are light, noise (alarms, respirators, pagers, telephones, and conversations)^[@B6]^, patient care activities, diagnostic procedures, and medications commonly used in the ICU.^[@B7]^

Intensive care unit is a unique location in a hospital where highly specialized care is provided for critically ill patients 24 hours a day. The nature of a disease, intensive treatment, and nursing around the clock lead to circadian rhythm disruption.^[@B8]--[@B10]^ Disrupted circadian rhythms are associated with impaired survival from critical illness.^[@B11]^ Circadian rhythm disturbances, similarly to sleep disruption, lead to delirium.^[@B12]^ An element of circadian rhythm disruption is change in the usual day/night pattern of light exposure when a patient is cared for in the ICU. Patients are exposed to 24-hour nursing care with unnaturally low light levels during the day and constant light interruptions through the night.^[@B13]^ Light is the most important factor that influences circadian rhythm. In a healthy person, numerous biological processes are under circadian control: optimal sleep patterns, rapid healing, recovery from a disease, to name just a few.^[@B14]^

Interventions have been postulated to reduce lighting intensity in the ICU during nocturnal hours.^[@B15]^ A longitudinal study in critical care implemented nonpharmacological environmental changes to reduce night disruption and demonstrated an impressive reduction in delirium and an improvement in sleep. The interventions tested in the study included noise reduction, light reduction, and specific patient care interventions.^[@B16]^ Current ICU guidelines recommend natural daylight for every patient room and artificial light that can be dialed up and down; currently, there is no indication as to what daytime light intensity should be achieved.^[@B17]^

Although there are numerous factors associated with sleep deprivation in the ICU, light intensity is a factor that can be modified. The link between this environmental factor and sleep quantity/quality in the ICU is still under investigation. Therefore, the aim of our study was to measure light levels during sleep-protected time in ICU and assess the impact of light intensity on sleep quantity/quality during sleep-protected time in the ICU.

MATERIALS AND METHODS
=====================

Study Design and Setting
------------------------

This was a prospective, observational study. The study was conducted in the ICU of a university-affiliated tertiary care center. The ICU is a mixed surgical/medical unit with 10 intensive care beds: 8 beds in a multi-bed room (bays separated by curtains, a nursing station located approximately in the middle of the room), 2 beds in single-bed rooms.

Artificial lighting consists of overhead panels and spotlights at every bedside. The overhead lighting is usually switched off during the sleep-protected time, whereas the lights at the nursing station are dimmed. The window blinds are kept open during the day and closed during the night (sleep-protected time). As this was an observational study, the local bioethics committee decided that no ethics committee approval was required (KNW/0022/KB/56/18). All patients gave their informed consent for participation in the study and appropriate consent forms were signed. The observation period spanned over a year, from March 2018 to April 2019. The observations were performed during single night in patients who remained in an ICU for at least 24 hours, and we have not recorded if this was first or following night for a particular patient. The ICU personnel was aware of the concept of the study.

Study Population
----------------

We aimed to recruit 30 patients. We used the following eligibility criteria: neurological status allowing communication with a patient and ICU length of stay of at least 24 hours. We assessed both spontaneously breathing and mechanically ventilated patients (mode of ventilation was not recorded). We did not use any exclusion criteria, not even preexisting sleep disorders for that matter. We collected basic demographic and clinical data: age; sex; illness severity according to 3 classification systems Acute Physiology and Chronic Health Evaluation II (APACHE II), Simplified Acute Physiology Score II (SAPS II) and Sequential Organ Failure Assessment (SOFA). To monitor the level of sedation, the Richmond agitation--sedation scale (RASS) was used.^[@B18]^ We used a protocol of minimal sedation (i.e., RASS −2 to 0) in order for patients to be comfortable, calm, and cooperative.^[@B19]^ Pain intensity was monitored using modified Numerical Rating Scale (mNRS). We aimed at 0--1 points in all patients at all times. We screened patients for delirium using Polish version of Confusion Assessment Method for ICU (CAM-ICU).^[@B20]^

Light Levels Measurements
-------------------------

For measuring light levels, we used a commercially available smartphone application. As we did not find any applications that were tested against standard methods of measuring light intensity in our setting, we decided to use a freely available smartphone application (LUX Light Meter, Nipakul Buttua) written for iOS operating system (Apple Inc., United States of America). The light levels were measured using the smartphone\'s front camera (light sensor) directed upward, located approximately 50 cm above a patient\'s head. Great care was given to not to occlude the light sensor in any way, keeping it clean at all times, in order to obtain the most accurate results. The measurements were performed between 23:30 and 06:15 hours at 15-minute intervals for all study subjects in the manner described above, which corresponded to 25 time points during sleep-protected time (00:00--06:00 hours) and 3 time points outside sleep-protected time (23:30, 23:45, 06:15 hours). The measurements were performed by one of the researchers (AJ, KM) using a single mobile phone dedicated for the purposes of the study.

Sleep Quantity and Quality Assessment
-------------------------------------

To assess sleep quantity, we used Patient\'s Sleep Observation Behavioral Tool. This tool involves observation of sleep/wakefulness in 15-minute intervals. This tool has been used to assess sleep and sleep-promoting interventions in critically ill patients.^[@B21]^ When a patient was awake at any time during sleep-protected time, we assessed pain using mNRS and additional doses of painkillers were offered to patients when required. If a patient was awake, he/she was also screened for delirium using CAM-ICU, and if positive, an attending physician would be notified. Following sleep-protected time, patients were asked to complete sleep quality satisfaction questionnaire-Richards-Campbell Sleep Scale (RCSS).^[@B22]^ The patients completed sleep quality questionnaires themselves and if mobility issues precluded ability to write, one of the researchers (AJ, KM) was of assistance.

Statistical Analysis
--------------------

Statistical analysis was carried out using licensed MedCalc Statistical Software version 18 (MedCalc Software bvba, Ostend, Belgium; <https://www.medcalc.org>; 2018) by one of the researchers (MP). Quantitative variables with normal distribution were presented as an arithmetic mean and standard deviation (±SD). In case of nonnormal distribution, the variables were represented as a median and IQR. The character of the distribution of quantitative variables was verified by the Shapiro--Wilk test. The differences in quantitative variables were assessed using the analysis of variance or the Kruskal--Wallis test. A Chi-square test or Fisher\'s exact test was used for the qualitative variables (in the case of a small subgroup size). Correlations were evaluated using Pearson\'s linear correlation coefficient or Spearman\'s rank. The assumed statistical significance was *p* \<0.05.

RESULTS
=======

The study population characteristics are presented in [Table 1](#T1){ref-type="table"}. There were 25 time points during designated sleep-protected time at which we assessed whether patients were asleep or awake. The median number of time points at which patients were asleep was 20 (IQR 14--23) out of 25, so the median time asleep for the study group was 5 (IQR 3.5--5.7) hours. There were no inter-sex differences as far as quantity (*p* = 0.7) and quality (*p* = 0.8) of sleep were concerned.

###### 

Study population characteristics

  *Characteristic*                                   *Value*
  -------------------------------------------------- -----------------
  Sex ratio: men/women *n* (%)                       18 (58)/13 (42)
  Age (mean ± SD) (years)                            54 ±14
  APACHE II (mean ± SD) (points)                     11 ± 6
  SAPS II (mean ± SD) (points)                       32 ± 10
  SOFA (mean ± SD) (points)                          6 ± 4
  Mechanically ventilated patients *n* (%)           4 (13)
  Patients hospitalized in single-bed room *n* (%)   8 (26)

APACHE, acute physiology and chronic health evaluation; SAPS II, simplified acute physiology score II; SD, standard deviation; and SOFA, sequential organ failure assessment

The median self-reported quality of sleep (overall score) was 49 (IQR 28--71) out of 100 mm. The median values for individual questions are: question 1 (sleep depth)---54.0 (IQR 37--78) mm, question 2 (sleep latency)---40.5 (IQR 6--90) mm, question 3 (awakenings)---52.5 (IQR 28--76) mm, question 4 (returning to sleep)---25.5 (IQR 11--78) mm, and question 5 (sleep quality)---67.5 (IQR 5--76) mm.

There was no correlation between severity of disease as per APACHE II (*p* = 0.90), SAPS II (*p* = 0.88), and SOFA (*p* = 0.77) and self-reported quality of sleep.

The number of time points at which patients were reporting pain during sleep-protected time was 7 (NRS 1: 5 times, NRS 2: 1 time, NRS 3: 1 time). No patient reported pain sensation before sleep-protected time (i.e., 23:30--23:45). There was also no correlation between the number of time points at which patients reported pain sensation and sleep quality (*p* = 0.34).

There were 2 (7%) patients experiencing delirium. There was no correlation between incidence of delirium and sleep quantity/quality.

No correlation was found between self-reported sleep quality and time spent asleep (*p* = 0.36).

We compared light levels directly before (23:30--23:45 hours) and during sleep-protected time (00:00--06:00 hours) ([Fig. 1](#F1){ref-type="fig"}).

![Light intensity directly before and during sleep-protected time](ijccm-24-33-g001){#F1}

Median light levels before and during sleep-protected time were 6 (IQR 0--16) and 9 (IQR 2--18) lux, respectively.

Light levels at 15-minute intervals during sleep-protected time are presented in [Figure 2](#F2){ref-type="fig"}.

The light levels started to rise at approximately 05:15 hours, although this was still inside the sleep-protected time.

There was no correlation between average light levels during sleep-protected time (11 ± 9 lux) and sleep quantity (*p* = 0.42)/sleep quality (*p* = 0.13).

We found a correlation between sleep quality above average light levels before sleep-protected time (13 ± 5 lux) and improved sleep quality (*p* = 0.008). The discussed correlations are summarized in [Table 2](#T2){ref-type="table"}.

DISCUSSION
==========

In our study, we aimed at assessing impact of light intensity on sleep quantity and quality of patients hospitalized in the ICU. When starting on such a project one has to decide how to measure sleep quantity/quality. There are several methods at our disposal that can be broadly divided into objective and subjective. Polysomnography is a gold standard. Actigraphy is another standard objective method. Nevertheless, these objective methods are difficult to use in the ICU.^[@B8]^ Observational tools are semiobjective, but are very simple to use in the ICU.^[@B23]^ We intended to perform a practical study, that does not require special equipment, so we decided to use an observational tool and a patient questionnaire to assess sleep of patients in our ICU. On the other hand, there are numerous subjective methods that we can use: RCSS, Verran Snyder Harper Sleep Scale, Pittsburgh Sleep Quality Index, Insomnia Severity Index, and Sleep Efficiency Index.^[@B24]^ In our study, we decided to use one of the available observation tools (Patient\'s Sleep Observation Behavioral Tool) and one of the available patient questionnaires (RCSS). Richards--Campbell Sleep Scale is a 5-item visual analog scale widely used in ICUs that has good reliability and validity.^[@B25]^ Although there may be some discrepancies between observer reported and patient\'s self-reported sleep quality using this instrument,^[@B26],[@B27]^ it is the most practical tool to be used in the ICU.

In our study, we analyzed sleep quantity/quality of patients during 6-hour sleep-protected time. Although most adults sleep approximately 7.5 hours a day, it is rarely achievable in the ICU due to intensive treatment and nursing care. The median self-reported quality of sleep in our study was 49 (IQR 28--71) mm, indicating that the sleep quality was average; however, some authors reported even poorer sleep quality as per RCSQ---34.4 ± 5.6 mm.^[@B28]^

![Light levels at 15 min intervals during sleep-protected time](ijccm-24-33-g002){#F2}

###### 

Correlations between different factors and self-reported quality of sleep in the ICU

  *Factor*                                             *Correlation coefficient*   *Significance level*
  ---------------------------------------------------- --------------------------- ----------------------
  APACHE II                                              0.03                      0.90
  SAPS II                                              −0.03                       0.88
  SOFA                                                 −0.07                       0.77
  Mean light intensity (sleep-protected time)            0.33                      0.13
  Mean light intensity (before sleep-protected time)   −0.55                       **0.008**
  Number of time points asleep                           0.20                      0.36
  Number of time points reporting pain                   0.21                      0.34

APACHE II, acute physiology and chronic health evaluation II; SAPS II, simplified acute physiology score II; and SOFA, sequential organ failure assessment. Factor that is statistically significant is given in bold

Light levels during sleep-protected time in our study were low (11 ± 9 lux) and had no impact on sleep duration or sleep quality of patients. This is in concordance with the results of another study reporting light levels of 2.32 ± 3.65 lux/minute from midnight to 4 am and no impact on circadian rhythm.^[@B29]^ Another study that used simulated scenario reported mean levels for minimum lightning of 1--3 lux.^[@B30]^

Light levels directly before sleep-protected time in our study were also low (13 ± 5 lux) and were correlated with quality of sleep of patients. This result is in line with another study, which showed that high light levels during hours before bedtime can alter circadian rhythm due to delayed melatonin secretion.^[@B31]^

Limitations of the Study
------------------------

One of the limitations was the number of patients in our study. We included in our study 31 patients. This was partially caused by a population of patients treated in our unit, and many of them were neurological/neurosurgical patients impossible to be included in the study due to neurological status. Another limitation is observational method used to assess duration of sleep in our study (Patient\'s Sleep Observation Behavioral Tool). Using this tool, we might misjudge patients with eyes closed as asleep; however, as mentioned earlier the use of the reference method (polysomnography) in the ICU is not practical. Lastly, we did not measure sleep during daytime, which might have contributed to the total sleep time of patients; however, it was not practical for the conduct of the study.

CONCLUSION
==========

Mean light levels of 11 ± 9 lux during sleep-protected time have no negative impact on quantity and quality of sleep in intensive care unit patients.
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